Creeper mutant by transplantation of the anlage of these Viktor's attention on general issues of neuron-target instructures between mutant and wild-type embryos. In teractions and the development of limb innervation. In this way, he was able to demonstrate that when trans-1927, he published an influential review in which he planted to normal hosts, the mutant phenotype was discussed three of the major research areas that have rescued ( Nervous System Regionalization and Cell Strain Specificity field (a "citation classic"). As Viktor has noted with considerable pride, "For me, the greatest reward is the fact As discussed above, the studies of neurogenesis by Viktor and his students were considered important not that in all these years nobody has suggested to me a change or improvement" (Hamburger, 1996b) . just for their insights into the regulation of neuronal proliferation but also as a means of addressing the broader The Regulation of Neurogenesis (Proliferation) In his original studies on the effects of limb extirpation issue of the origin of regional differences in the nervous system. For example, in his 1946 paper, Viktor attempted and transplantation on the development of sensory and motor neurons in the chick (Hamburger, 1934 (Hamburger, , 1939 , to address the issue of whether rostralcaudal propagated signals within the neural tube regulated proliferaViktor pointed out that the hypoplasia in these neuronal populations could be the result of a perturbation of protion or regional differentiation (Hamburger, 1946) . The general issue of pattern formation in the nervous liferation, migration, or differentiation (he tended to favor proliferation, see Hamburger, 1939) . He hypothesized system was widely recognized by neuroembryologists in the first half of the 20th century as being fundamentally that pioneer nerve fibers might be the means for transmission of a retrograde signal from the target to the important for understanding neuronal development (e.g., Weiss, 1955) . Beginning as early as 1942, Viktor central nervous system (CNS) that would act on one or more of these events to induce or recruit optimal numrepeatedly drew attention to this issue in numerous reviews and essays (Hamburger, 1942a (Hamburger, , 1952 (Hamburger, , 1956 (Hamburger, , 1962 , bers of innervating neurons. Subsequently, this experiment was repeated, and, when the number of mitotic 1977, 1988a; Holtfreter and Hamburger, 1955), often formulating the problem as one of "cell strain specificity, figures in the brachial spinal cord were counted, no differences were detected between the operated (wing rostral caudal regionalization and dorsoventral regionalization" . Despite the rather formidaablation) and control sides of the spinal cord (Hamburger and Keefe, 1944). In contrast, in a later study ble technical problems involved in addressing this issue during most of the last century, Viktor and his students with Levi-Montalcini, they discovered that sensory neurons in the peripheral spinal ganglia exhibited a reducwere nonetheless able to make substantial contributions. In addition to examining regional differences in tion in mitotic figures following limb removal and an neurogenesis (proliferation), they also examined the ori- (Wenger, 1951; Shieh, 1951) , and, later, Narayanan and Hamburger (1971) extended this considered cell death, however, he concluded the paper by proposing a three-point paradigm that would provide line of investigation by examining the origins of morphological and functional differences between brachial and the basic framework for all subsequent research in this field for the next 60 years: (1) the peripheral targets, lumbar segments of the spinal cord. The general conclusion from these studies was that the specification of musculature and sense organs, generate two specific agents: one controlling the spinal ganglia and the other dorsoventral and rostralcaudal polarity occurs shortly after neural tube closure. These studies reflect Viktor's controlling the lateral motor columns; (2) the agents travel retrogradely in the nerves to their respective nerve influence, as indicated by the combination of careful morphological description, experimental perturbation, centers, the lateral motor columns and the spinal ganglia; and (3) the agents regulate the development of the and well-reasoned interpretation. Collectively, these papers represent one of the first attempts to address these nerve centers in a quantitative way. It remains a mystery how Viktor as well as others that questions experimentally, and they also established a conceptual and empirical framework that has led to the were studying the effects of target removal on innervat- . Although leagues on the chick provided the first unambiguous evidence for the developmental origins of these mechait would be several more years before endogenous NGF was shown to be present in the peripheral targets of nisms in the embryo. In reflecting on the philosophical implications of this work, Viktor has noted that "What neurons and that the genetic deletion of NGF results in the death of sensory neurons (Snider, 1994), these studhas impressed me most in all phases of these investigations is the primacy of activity over reactivity or reies with the chick embryo provided the first compelling evidence that NGF was the long sought after targetsponses. This, to me, has become symbolic of animal life, and perhaps of life in general. The elemental force derived retrograde trophic signal for developing sensory neurons. In returning full circle to the confirmation of his that embryos and fetuses can express freely in the egg or uterus, has perhaps remained, throughout evolution, original three-point paradigm proposed 50 years earlier (Hamburger, 1934) , this provides a perfect example of the biological mainspring of creative activity in animals and man, and autonomy of action is also the mainspring his systematic step-by-step style of research. When his experimental work came to an end, Viktor of freedom" . NGF, Cell Death, and the History of Science began a series of historical studies that continued to the end of his life. As he has pointed out, "I was aware By 1975, the investigation of behavioral development was drawing to a close, and, once again, Viktor changed of the fact that significant changes and innovations in the continuum of the history of biology are brought about the focus of his research to first return to studies of cell death and neurotrophic interactions and then, after by creative minds who combine intuition with profound thought, keen powers of observation and mastery of a closing his laboratory in 1985, he embarked on a series of scholarly historical studies of embryology, developparticular methodology" (Hamburger, 1996b) . This historical framework, together with his close personal acmental neurobiology, and of individual pioneers in these fields, including Ramon y Cajal, Holtfreter, Roux, Spequaintance with many of the most creative minds in biology in the 20th century and as an eyewitness to some mann, Harrison, von Baer, and Hilde Mangold.
In 1975, Viktor published the first systematic analysis of the most important discoveries during that period, provided him with a unique perspective on the history of of PCD in avian spinal motoneurons (Hamburger, 1975) . The impetus for that study was his earlier observation this field. In a series of 19 articles and a book published between 1981 and 1999, Viktor has left a historical reof an apparent normal loss of motoneurons contralateral to leg bud removal (Hamburger, 1958) . That observation, cord of embryology, developmental biology, and neuroscience that is unparalleled. The crowning achievement together with the almost total loss of motoneurons that occurred on the ipsilateral, target-deprived side of the of these efforts is the book The Heritage of Experimental Embryology. Hans Spemann and the Organizer (Hamspinal cord, led him to conclude that "the quantitative relationship between the number of motor neurons and burger, 1988b). As one reviewer has noted, "There can be no one better qualified to give a personal account the size of the peripheral field of innervation is established by a selective survival of those neurons which of this area and Dr. Hamburger has done a superb job, paying great attention to detail and yet making the book find an adequate peripheral milieu and the degeneration of all others" (Hamburger, 1958) . By carefully quantifying extremely readable and enjoyable...everything in it is from personal experience" (Gurdon, 1989). In view of the number of degenerating and surviving cells, Ham-the fact that Viktor has acknowledged that "Spemann's very deeply. In much the same vein, the Swiss molecular approach to the causal analysis of development has biologist Alex Mauron has recently argued that "genetics influenced me profoundly" (Hamburger, 1989) , it is not and biology enable us to wield increasing power over surprising that in this book as well as in some of the our destiny, but that does not mean that more traditional other historical essays (Hamburger, 1969 (Hamburger, , 1985 (Hamburger, , 1996c forms of inquiry about ourselves have been superceded 1999), Spemann takes center stage. These essays are by our greater understanding of human biology. More interesting not only for their insights into Spemann's than ever, we need a richer account of the human condiwork and personality but also because they, together tion" (Mauron, 2001). It is to the everlasting credit of with only a few other sources (Hamburger, , 1957 that the reader has not thought about these matters
